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PERFORMANCE OF YJ73-GE-3 TURBOJET ENGIN23 

By Harold R. Kaufman and Wilbur F. Dobson 

The s teady-state   performnce  character is t ics  of t he  3373-GE-3 
turbojet  engine were determined i n  a kwis altitude test  chaniber f o r  a 
range of exhaust-nozzle areas at simulated a l t i t udes  from  near sea 
l e v e l   t o  55,000 feet and f l i g h t  Mach numbers from 0 t o  1.2. The cor- 

1 responding range of Reynolds number indices w a s  from 0.96 t o  0.12. 

A method of performance calculation  based on engine pumpiug char- 
d a c t e r l s t i c s  i s  also presented. Engine  performance calculated by t h i s  

method i s  presented  for a wide range of flight conditions. 

T h e  use of an  exhaust-nozzle area sized t o  give rated conditions 
a t  sea   l eve l  would permit  operation  near the point of minimum spec i f ic  
f u e l  consumption f o r  a wide range of flight conditions,  but would  cause 
excessive  exhaust-gas  temperatures a t  rated  speed at h igh   a l t i tudes .  

A t  rated  corrected  speed  with a choked exhaust nozzle  (rated area), 
decreasing the Reynolds number index  from 1.0 t o  0.1 decreased  the 
co r rec t ed   a i r  flow 5 percent  and  increased the corrected  exhaust-gas 
temperature 120° R. 

INTRODUCTION 

The over-al l  performance of the  YJ734E-3  turbojet  engine was 
determined i n  an alt i tude  cha&er a t  the  NACA Lewis laboratory  and is  
presented  herein along with  the  s tar t ing  character is t ics   for  two 
a l t i t udes .  Component performance f o r  this engine i s  presented i n  ref- 
erence 1. The YJ73-GE-3 differs from  the YJ73-GE-IA turbojet  engine 
reported  in  references 2 and 3 i n  that the  first-stage turbine  nozzle 
area is  10 percent  less.  

0 
The 573  engines are  provided with variable-posit ion  inlet   guide 

vanes,  which are closed a t  low engine  speeds to  avoid  surge  during 
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rapid  accelerations.  Although  the  inlet  guide  vanes  of  the  YJ73-GE-3 
are  normally  clos'ed  with  steady-state  operation  below 6800. rpm  and  open 
at  higher  speeds,  the  engine  control wa0 modified  during  the  investi- 
gation  to allow them  to  be  open  or  closed  at  any  speed.  Because  stand- 
ard  operation  at  cruise,  normal,  and  military  conditions is with  open 
inlet  guide  vanes,  most of the  data  presented  herein  were  obtained  with 
the  inlet  guide  vanes  in  the  open  position. A limited  amount  of  data 
was obtained  with  the  vanes  in  the  closed  position. 

Performance  data  were  obtained  over a range  from  about 70 to 100 
percent  of  rated  speed  with  several  exhaust-nozzle  areas  at  simulated 
altitudes  from  near  sea  level  to 55,000 feet  and  flight  Mach  numbers 
from 0 to 1.2. The  corresponding  range  of  Reynolds  number  indices  was 
from 0.96 to 0.12. One  exhaust-nozzle  area  that gave approximately 
limiting  exhaust-gas  temperature  at  rated  speed  and  sea-level  static 
conditions was included.  Additional  data  were  obtained  at 35,000 feet 
at a flight  Mach  number of 0.8 to  show  the  effects  of  changes  in  inlet- 
air  temperature on performance. 

Data  are  presented in the form of engine  performance maps at 
several  flight  conditions  and in the form of engine  pumping  character- 
istics.  Engine  performance  calculated  from  pumping  characteristics is 
presented  graphically  for  flight  conditions  from  sea  level to an 
altitude of 60,000 feet  and  from 0 to  1200 knots true  flight  speed. All 
experimental  data  are  presented  in  both  graphical and tabular  form. 

APPARATUS m PRomURE 

Engine 

The  engine, shown installed in the  test  chamber in figure I, has 
an over-all l e n g t h  of 146.5 inches and  diameter  of 36.75 inches.  It is 
equipped  with 21 variable-position inlet  guide  vanes  that  rotate 
simultaneously  through 30' from  closed  to  open  at 6800 rpn  when  speed 
is  increasing  and  close  at 6800 rpm when  speed  is  decreasing.  The 
open-position  angle  between  the  engine  center  line  and a tangent  to  the 
vanes is 0' at  the  root  and 130 at  the  tip. 

The  12-stage  axial-flow  compressor  ha6 a pressure  ratio of 7, a 
constant  tip  diameter  of 3% inches, a first-stage  hub-  tip  radius  ratio 
of 0.455, a twelfth-stage  hub-tip  ratio  of 0.880, and a tip  Mach number 
of 0.997. 

The  combustor  is  cannular  type,  with ten tubular  inner  liners. 

c 
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Tk$e first  stage  of  the  tyo-stage  turbine  has 40 stator  vanes,  while 
a. the  second  stage  has 53. The  rotor  tip  diameter of the  first  stage  is 

1 2% inches, a& that of the  second  is 31-g inches.  The  hub-tip  radius 
ratios  of  the  first and second  stages  are 0.73 and 0.64, respectively. - 

1 

The  manufacturer's  performance  ratings  at  standard  sea-level  static 
conditions  are as follows: 

PJ cn cn Rated  quantity 

Speed,  rpm 

Maximum  specific  fuel  consumption, 
lb/(hr)(lb  thrust) 

Minimum jet  thrust,  lb 

Air  flow,  lb/sec 

Turbine-outlet  temperature, ?I? 

Military 

7950 

0.917 

8920 

142 

n85 

Normal 

7615 

0.887 

7840 

1085 
~ 

Installation 

Altitude  test  chamber. - A sketch of the  altitude  test  chamber  and 
some of its  associated  ducting  is  shown in  figure 2. The  test  chamber 
is 14 feet  in  diameter and 20 feet long. The test  bed on which  the 
engine w&s mounted  is  connected  by a linkage to a balance  diaphragm for 
thrust  measurement. A acreen  and  honeycomb  are  installed in  the  cham- 
ber  upstream  of  the  test  section  to  smooth  and.  straighten the inlet- 
air  flow.  The  front  bulkhead,  which  incorporated a labyrinth  seal 
around  the  front of the  engine,  prevented  the  flow of inlet sir directly 
into  the  elrhaust system and  provided a means of maintaining a pressure . 

difference  across  the  engine. A bellmouth  cowl was installed on the 
front  bulkhead  to  obtain a uniform  velocity  profile  at  the  inlet  of  the 
compressor . 

Air  supplied to the  inlet  section  of  the  altitude  chamber  can  be 
either  refrigerated  or  heated dry air,  or  atmospheric  air.  Exhaust 
gases  from  the Jet nozzle pass through an exhaust  section, a primary 
cooler, an exhaust  header,  and a secondary  cooler  before  entering  the 
exhauster  system.  The  inlet  and  exhaust  pressure  controls  were  designed 
to operate  throttle  valves  automatically  to  maintain  constant  ram 
pressure  ratio  and  exhaust  pressure. 
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Instrumentation. - The  locations .of ins.KrEenta.t.ton  stations. .. 

throughout  the  engine  together  with  schematic  sketches  of  the  instrumen- 
. . . . . - - 

tation  at  the  engine  inlet  and  the  exhaust-nozzle  inlet  are  shown in 
figure 3.  All pressures  were  measured  with  alkazene  or  mercury manom- 
eters  and  photographically  recorded.  Temperatures  were  measured  with 
iron-conetantan  and  chromel-alumel  thermocouples  and  were  recorded  by 
self-balancing  potentiometers.  Engine  speed was measured by a chrono- 
metric  tachometer and fuel  flow  with a calibrated  rotameter. 

L 

Procedure 

During  the  investigation  the  refrigeration  system -13 changed to 
permit  lower  inlet-air  temperatures,  and at the  same  time  the  engine WBB 
overhauled.  Therefore,  the  investigation  wae  separated  into  two  phases 
with  the  inlet-air  temperatures varying from  about 440° to 520' R for 
the  first  phase  (before  engine  overhaul) and from  about 380' to 440' R 
for  the  second  phase  (after  engine  overhaul). 

Most of the  engine  performance  data  were  obtained  in  the  first  phase c 

and  are  presented  in  table I. The  approximate  flight  conditions  and 
corresponding Reynolds number  indices  obtained in this  phase  are  shown 
in  the  following  table: 

I Altitude, 

15,000 

25 , 000 

35,000 

45,000 

Reynolds  number  index 
for  flight  Mach  number, 

0 

0.96 

"" 

"" 

"" 

"" 

"" 

M, 
of - 

0.4 0.8 

"" --- 
---- 

.39 ---- 

.59 --" 
0.88 

.24 

0.12 .l5 

"" 

1.2 

The  inlet-air  total  temperature  and  pressure and the  static  pressure in 
the  test  section  surrounding  the  exhaust  nozzle  were  maintained at 
approximately  the  desired  altitude  values  except  at  the  sea-level  static 
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condition. The average i n l e t   t o t a l   p r e s s u r e  of the data obtained at the 
sea-level  static  condition  actually  corresponded  to a pressure  a l t i tude 
of about 2000 feet. In   addi t ion,  the s t a t i c   p r e s s u r e   i n  the region 
surrounding the exhaust  nozzle was  s l ight ly   hlgher   than the i n l e t   t o t a l  
pressure,  causing a slight reverse ram. The sea-level static condition 
was d i f f i c u l t  to simulate i n   t h e   a l t i t u d e   f a c i l i t y .  The d i spa r i t i e s  at 
the sea- leve l   s ta t ic   condi t ion  were due t o  this d i f f i c u l t y  and were not 
normal experimental  error.  Although these diff icul t ies   prevent  the 
direct   presentat ion of the sea - l eve l   s t a t i c  data i n  the form of a per- 
formance map, the usefulness of the data for p"mping charac te r i s t ics  is 
not  affected. 

Improvements i n  the re f r igera t ion  Bystem permitted the use of colder 
inlet-air temperatures i n   t h e  second phase of the program and thereby 
extended the range of the invest igat ion to higher  corrected  engine  speeds. 
The data obtained  in  the second phase ere presented f n  t ab le  11. The 
approximate flight conditions and Reyno ld~  n&er  indices  obtained i n  
the second phase are shown i n  the following table: 

f o r   f l i g h t  Mach nmiber, 

of - 
0.4 0.8 

35,000 ""e 0.461 

45,000 "-" 
55, OOO 0.140 

.304 

.176 

The lower inlet-air  temperatures  obtained i n  the second  phase resu l ted  
in  higher Reynolds number ind ices   for  similar f l i g h t  conditions. The 
e f f ec t s  of d i f f e rences   i n  Reynolds  n&er 'indices and the performance 
changes  accompanying the engine  overhaul were reduced  by  graphical  and 
analytical   adjustments  to the data obtained i n  the second phase. The 
magnitude of these adjustments w a s  about 2 percent, which is of the  
same order as the var ia t ion  that would be expected between production 
engines of any  given model. 

Data were obtained with four exhaust-nozzle areas at each f l i g h t  
condition. The physical details of the nozzle  configurations are given 
i n  figure 4. The f ixed  exhaust nozzle with an area of 2.388 square 

gas temperature at sea-level static conditions and i s  r e f e r r e d   t o  as 
- feet ( f ig .  4(a))  w a s  designed to give  approximately  limiting exhaust- 
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the rated nozzle. A clamshell  variable-area  exahust  nozzle  (fig. 4 (b) 
was used to   ob ta in   t he  two intermediate areas of' 2.514 and 2.694 square 
feet. The largest exhaust-nozzle area, 3.688 square feet, was obtained 
w i t h  a s t r a igh t  t a i l  p ipe   a t tached   to  the  o u t l e t  of the d i f fuser   ( f ig .  
4 (c) ) .   In   o rder   to   ex tend   the  range of the  invest igat ion  c loser  t o  
compressor  surge,  an additional  smaller-than-rated  exhaust-nozzle area 
was used a t  the 3 5 , O ~ - f o o t   a l t i t u d e  and 0.8 Mach number f l i gh t  
condition. 

The inlet  guide  vanes were normally  scheduled t o  begin  opening or 
closing,  depending on whether the engine w a s  accelerat ing or deceler- 
ating, respectively,  a t  6800 rpm. The  control  was modified  during  the 
invest igat ion  to   permit  opening or  closing the in l e t   gu ide  vanes at 
any  speed,  thereby  extending the speed range Investigated  with  both 
inlet-guide-vane  positions. 

The fuel used w a s  MIL-F-5624A, grade JP-4, with a lower heating 
value of 18,700  Btu  per pound and a hydrogen-carbon r a t i o  of 0.171. 

The synbols and methods of experimental data reduction are given 
i n  appendixes A and B, respectively.  

RESULTS AND DISCUSSION 

Performance Maps 

Performance maps are usefu l  f o r  the compact presentation of a 
large amount of a l t i t u d e  performance  information. The performance maps 
for  seven f l igh t   condi t ions   wi th   a l t i tudes  from 15,000 t o  55,000 f e e t  
and Mach numbers from 0.43 t o  1 .23  are shown i n  figure 5 .  Only data 
obtained wi th  open inlet   guide vanes are shown. These data have  been 
adjusted by the   fac tors  6, and 8, t o  compensate for   deviat ions from 
standard  a l t i tude  pressures  and  temperatures. The deviations from 
al t i tude  condi t ions were small except for some high-corrected-speed 
data  taken a t  low inlet-air  temperatures. 

The exhaust-nozzle  areas  given on the performance maps are cold . 
projected areas. As the   discharge  coeff ic ients  of exhaust  nozzles  vary 
wi th  temperature,  pressure ratio, and configurat ion,   the   effect ive flow 
areas will differ from the values shown  on the performance maps. Curves 
t o  convert  cold  projected areas in to   e f fec t ive  areas can be found i n  a 
subsequent  section. 

A t  th rus t   l eve ls  below maximum, different   values  of s p e c i f i c   f u e l  
consumption may be obtained  by  varying the exhaust-nozzle area and 
engine  speed  simultaneously. I n  order t o  determine  the best exhaust- 
nozzle-area  schedule  within  the range investigated,  the  exhaust-nozzle 

W 
W 
A 
M 

J 
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areas  corresponding  to minimum spec i f i c   fue l  consumption fo r   s eve ra l  

p lo t ted  as a function  of thrust i n  f igure  6. For the  high  thrust   levels  
(cruise and mi l i t a ry )   t ha t  would be employed over most of a normal 
f l i g h t  plan,  the  exhaust-nozzle area f o r  minimum spec i f ic  fuel consump- 
tion  varied  from  about 2.4 t o  2.5 square feet. However, use of ra ted  
exhaust-nozzle area (2.388 sq f t )  gave spec i f i c   fue l  consumptions with- 
i n  2 percent of t h e   m i n i m   v a l u e s .  

a thrust  leve ls  at each flight condition were obtained  from  figure 5 and 

w 
IJ cn 
QI Pumping Character is t ics  and  Performance Prediction 

Treatment of a turbojet  engine  as a pump (ref. 4)  and presentation 
of i t s  cha rac t e r i s t i c s   i n  terms of a i r  flow, pressure  ra t io ,  and t e m -  
perature   ra t io   represent .  one of the most useful  forms f o r  performance 
calculation. One advantage of the  use of  pumping charac te r i s t ics  is 
that  the  engine performance  can  be  determined a p a r t  from the e f f ec t s  of 
inlet and outlet   ducting, so tha t   the   ca lcu la t ion  of the   e f fec ts  of 

1 different  ducting conibinations on over-all  engine  performance is pos- 
sible. The pumping characterist ics,   conbustion  efficiency, and  exhaust 
ducting  losses of the YJ73-GE-3 turbojet  engine are presented i n  this 

the range of Reynolds rider indices  covered  by  the  investigation. 
Sample problems i l l u s t r a t i n g   t h e   u s e  of the curves  presented i n   t h i s  
sect ion are given i n  appendix C. 

I sec t ion   t o   a id  performance calculat ion at any f l ight   condi t ion  within 

Pumping charac te r i s t ics  w i t h  a range of exhaust-nozzle areas. - 
To simplify  the  presentation, daka for one reference Reynolds umber 
index were  used t o  show the r e l a t ion  of corrected  engine  speed,  engine 
temperature  ratio, and engine  pressure  ratio.  Curves are then  given t o  
provide  correction to other Reynolds number indices .   In   order   to  
obtain maximum ranges of corrected  engine  speed  and  engine  temperature 
r a t io ,   t he  35,000-f oo t   a l t i tude  and 0.8 Mach  nluriber f l igh t   condi t ion  
was used as the reference. The Reynolds number index of t h i s   f l i g h t  
condition is  0.39. 

The p"mping charac te r i s t ics  at a Reynolds nluriber index of 0.39 are 
shown i n  figure 7 ,  The air-flow and pressure-ratio  correction  curves 
are shown i n  figure 8. The correction curve of air flow w a s  found t o  
be  independent  of  temperature r a t i o  and corrected speed, while the 
pressure-ratio  correction  curves w e r e  independent  only of temperature 
r a t i o .  To find  the  engine  pressure  ratFo and corrected air flow at a 
given  engine  and fUght   condi t ion,  the following  steps are used: 

(1) From the   desired inlet temperature,  exhaust-gas  temperature, - and engine speed, f i n d  the engine  temperature r a t i o  and corrected 
engine speed. . 
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(2) By using  the  engine  temperature  ratio, the corrected  engine 
speed,  and f igure  7, f inti  the eqgine p.ress~me..ratio and corrected air 
flow tha t  would be obtained a t  a Reynolds number index of 0.39. 

(3) Calculate  the Reynolds number index  from the total temperature 
and to ta l   p ressure  of the desired f l ight   condi t ion.  

(4)  From the corrected  engine  speed,  the Reynolds nuniber index,  and 
f igu re  8, f ind   the   cor rec t ion   fac tors  far  engine  pressure  ratio and 
corrected air  flow. 

(5) Multiply  the  pressure  ratio and corrected air flow  obtained 
from s t ep  (2)  by  the  correct ion  factors  from step  ( 4 ) .  

The engine  pressure  ratio and corrected a i r  flaw obtained by the  
preceding method agree with faired experimntal  values  within  about 1 
percent,  except for the pressure  ratios  corresponding t o  t h e  lowest 
temperature  ratios a t  each  speed, where slightly la rger   var ia t ions  were 
found. . .. . . 

Pumping characterist ics  with  f ixed  exhaust-nozzle area. - The 
pumping character is t ics   presented  in   f igures  7 and 8 are su i t ab le   fo r  
engine  performance ca l cuh t iona  when a variable-&ea  exhaust  nozzle is  
trimmed t o  give a desired  exhaust-gas  temperature. However, use of f i g -  
ures 7 and 8 for  an  engine with a fixed-area  exhauet  nozzle would require  
trial-and-error soUUo118. - ..In -order_ to .  obtain  direct..   solut&ons at- 
approximately rated exhaust-nozzle area (2.388 sq f t ) ,  f igure 9 WBB 
constructed.  Figure 9 i s  limited in  application  to  exhauet-nozzle 
pressure  ra t ios  greater than 2.5. For pressure r a t i o s  below about 2.5, 
the exhaust-nozzle  discharge  coefficient  (fig.  lO(a))  varies s o  t h a t  
t h e  use of the pumping charac te r i s t ics  of figures 7 and 8 and trial- 
and-error  solutious would be required. 

" . . 

Reynolds number e f f ec t s  can be determined from figure 9. For a 
corrected  speed of 7950 rpm, the corrected a i r  flow decreased  from 142 
t o  134.5 pound8 per  second  and the temperature  ratio  increased  from 3.1 
t o  3.4 when the Reynolds number index  decreased from 1.0 t o  0.1. The 
corrected-air-flow and temperature-ratio  changes  correspond to a 5- 
percent decrease and a 120° R (corrected  temperature)  increase, 
respectively.  

Discharge  coefficient. - For  conditions i n  which the exhaust  nozzle 
i s  unchoked or i f .discharge  coeff ic ient   var ies   with  pressure  ra t io ,   the  
var ia t ion  of effective  exhaust-nozzle area with  exhaust-nozzle  pressure 
r a t i o  must be known t o  obtain a solut ion  with  f igures  7 and 8. The 
discharge  coefficients of the four exhaust nozzles  uaed i n  this inves- 
t i ga t ion  were p lo t ted   aga ins t   p ressure   ra t io   in  figure 10 t o  permit 
calculat ion of effective  area  from  cold  projected &ea. 

t . ." 

". 
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Codust ion  eff ic iency.  - For the calculat ion of fuel flow, conbus- 
t ion   e f f ic iency  must be known. Confbustion eff ic iency is  p l o t t e d   i n  
figure 11. The derivation of the correlating parameter, the product of 
a i r  flaw and  exhaust-gas  temperature,  can be found in   reference 5. Use 
of this curve with air flow and engine-inlet and exhaust-gas  tempera- 
tures  enables  calculation of f u e l  flow and, hence, s p e c i f i c   f u e l  
consumption. 

4 

f 

Exhaust  ducting  losses. - A s  was mzntioned  previously, the tail-  
pipe and exhaust-nozzle  losses are not  included i n  the engine  pressure 
r a t io .  In order t o  permit  calculation of th rus t ,   the   t a i l -p ipe   to ta l -  
pressure loss and exhaust-nozzle  effective  velocity  coefficient are 
presented  in  figures 12 and l3, respectively.  The sharp rise of the 
ta i l -pipe  total-pressure loss  r a t i o  at high  values of turbine-outlet  
gas-flaw pwameter resulted  from  choking at the turbine  out le t .  

Thrust  Correlation 

Correlations of je t  th rus t  with an exhaust-nozzle  pressure-drop 
parameter are presented  in   references 6 and 7. Jet thrust   correlat ions,  
when used in  conjunction  with pumping charac te r i s t ics ,  may be used f o r  
thrust prediction.  Correlations of j e t  thrust with exhaust-nozzle 
pressure drop obtained i n  this Investigation are presented i n  figures 
14 and 15. I n  figure 14 the t h r u s t s   f o r  a l l  four  nozzle  areas  have 
been  divided  by  effective area (discharge  coefficient times projected 
area) to general ize   thrusts  t o  a single curve.  Figure 15 is  f o r  the 
nozzle area that gives approximately rated temperature at sea-level 
static conditions. These correlat ions are limited i n   a p p l i c a t i o n   t o  
choked flow i n  the exhaust nozzle,  which w a s  assumed i n   t h e   d e r i v a t i o n  
of the correlat ing pasameter. 

Effect of I n l e t  Temperature on Performance 

I n  order t o  determine  the.applicabili ty of data at o the r   i n l e t  
temperatures than were used during the investigation, data were obtained 
w i t h  i n l e t - a i r  temperatures from 482O t o  621° R at an   a i t i t ude  of 
35,000 feet and a f l igh t  Mach rider of 0.8. A fixed exhaust  nozzle 
w i t h  an area of 2.37 square feet was used. The variat ions of corrected 
air flow,  corrected  net  thrust , and  corrected  fuel  f l o w  with corrected 
engine  speed f o r  three inlet t e q e r a t u r e s  are s h m  i n  figures 16(a), 
(b), and (c),   respectively.  A t  a constant  corrected  speed,  corrected 
a i r  f low  decreases  sl ightly w i t h  increasing  inlet   temperature,  while 
both  corrected  net   thrust  and  corrected  fuel flow increase  with  increas- 
ing inlet   temperature.  The var ia t ion  of engine  temperature r a t i o  with 
engine pressure r a t i o  for the three inlet   temperatures is shown i n  
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figure  16(d).  A t  constant  corrected  speed,  the teqerature r a t i o   i n -  
creased  with  inlet  temperature. The pressure  ra t io   a lso  increased 
s l ight ly   with  increasing  inlet   temperature .  

The var ia t ion  of the  engine  performance.parameters  with  inlet tem- 
perature w a s  due a t  least i n  p a r t  t o  changes i n  Reynolds number index 
associated  with  changes in   in le t   t empera ture .  The range of  Reynolds 
nuniber index  corresponding t o  the inlet-temperature  variation w a s  from 
0.40 t o  0.29. The change  of  performance var iab les   for  a Reynolds num- 
ber index  change  from 0.40 t o  0.29 was calculated  from the pumping 
charac te r i s t ics  of figure 9 for 8 corrected-speed of 7mO rpm. The 
r e s u l t s  of these calculations and the  corresponding  information  for 
variable-inlet-temperature data from  figure 16 are shown 
ing table : 

Corrected 
r a t i o   r a t i o  air flow f u e l  flow 

Pressure Temperature Corrected 

Change due t o  
Reynolds 
number 
e f fec t ,  
percent 0 1.4 -0.7 2.6 

Total  observed 
change , 
percent 0.6 2.8 -1.1 9.6 

i n  the  follow- 

Comparison of the  values   indicates   that  much of the 

2.5 

change of per- 

" 

I 

formance var iables  wi th  inlet  temperature  can be charged t o  Reynolds 
number effects.  Considering  the  accuracy of the data, correcting fo r  
inlet- temperature   effects  should not be necessary  for  corrected air 
flow, temperature  ratio,   pressure  ratio,   or  corrected  thrust   over  the 
range of temperatures investigated. In the  case of cor rec ted   fue l  
flow, however, a s ignif icant   dtf ference of 7.0 percent exists between 
the total .  change of 9.6 percent  and the change of 2.6 percent  predicted 
f o r  Reynolds number effects   a lone.  The specif ic   heat  af the products 
of cozribustion of f u e l  and air  increases   xFth  fuel-air   ra t io  and tempera- 
t u r e .  Calculation showed that   the   increase  in   specif ic   heat   accounted 
f o r  5 of the  7-percent  difference i n  cor rec ted   fue l  flaws. To predict  
f u e l  flows over wide ranges of inlet   temperature,   fuel flows should, 
therefore, be calculated  from air flows, i n l e t  and ou t l e t  temperatures, 
and conibustion efficiencies,   Fnstead of from  generalized fuel-flow 
plo ts .  The  recommended method of fuel-flow  calculation w a s  used f o r  
the  predicted performance i n  the next  section. 

.. -. 
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Calculated Performance  from Pumping Characterist ics 

Predicted performance i s  included to   fac i l i t a te   es t imat ions  of 
airplane performance.  Performance of the YJ73-GE-3 turbojet  engine  with 
a 2.388-square-foot  exhaust-nozzle area was calculated  from  the pumping 
charac te r i s t ics   for  a wide range of f l ight   condi t ions and is p l o t t e d   i n  
f igure  17. A standard NACA atmosphere  and  comglete ram recovery were 
assumed. me accuracy of the calculated  thrusts  and  fuel flows i n  
figure  17 is within  about 2 percent. 

Because the  discrepancies  discussed  previously  in  setting up the 
approximate  sea-level s t a t i c   f l i gh t   cond i t ion  do not affect the data of 
figure  17(a),   these data provide  an  accurate  indication of actual  sea- 
leve l   capabi l i t i es  of the YJ73-GE-3 turbojet  engine w i t h  a fixed  exhaust- 
nozzle area of 2.388 square feet. The thrust ,  air flow, and specif ic  
f u e l  consumption at ra ted  speed  and  sea-level s t a t i c   f l i gh t   cond i t ions  
were 8800 pounds, 142 pouncb pe r  second,  and 0.92 pound per hour per 
pound of thrust ,   respectively.  

As mentioned before ,   errors   in  measuring temperatures and se t t ing  
up the   sea- leve l   s ta t ic   f l igh t  condition resulted i n  the use of an 
exhaust-nozzle mea (2.388 sq it) t ha t  caused  exhaust-gas  temperatures 
t o  be about 2 5 O  R below the limiting  value. The th rus t s  and f u e l  flows 
would have been slightly  higher i f  the  exhaust-nozzle area had been 
sized  to  give  limiting  exhaust-gas temperature. A t  rated  speed  and 
sea-level static conditions,  the thrust and spec i f ic   fue l  consumption 
would have  been  about 8960 pounds and  0.93 pound per hour per pound of 
thrust ,   respectfvely.  

Additional  factors must be considered t o  determine the performance 
i n  an ac tua l   ins ta l la t ion .  The exhaust nozzle may be larger  than that 
used  here to   g ive  maxim performance with  high axibient temperature. 
Another reason  for  increasing  the  exhaust-nozzle  area  could be the  
possible  requirement that rated speed and exhaust-gas  temperature be 
obtained  simultaneously at s ta t ic   condi t ions with d is tor ted  and throt-  
t l e d  inlet flow. OP course,   inlet   losses are present at all flight 
conditions and their effects  should always be considered. 

Altitude-Ignition  Characteristics 

The e f fec t  of f u e l  flow on altitude igni t lon was determined at 
a l t i tudes  of 35,000 and 45,000 feet w i t h  MIL-F-5624A, grade JP-4, f u e l  
over a range of windmilling  engine  speeds  (fig. IS). ~n order t o  
determine  whether ignition  could be obtained  for a given  co@ination 
of f u e l  flow and windmilling  engine  speed,  speed and f u e l  flow were 
maintained  constant during the  ignition  period.  Fuel  temperature was 
&bout 60° F, and engine-inlet air temperature  varied  from 5O t o  -50' F 
at 35,000 fee t   bu t  remained  about constant a t  -35O F at 45,000 f ee t .  
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Results show tha t   t he  minimum f u e l  flow required  to   obtain  igni t ion 
increased  with  windmilling  engine  speed. To obtain  igni t ion a t  wind- 
milling  speeds below 2500 rpm, a higher  fuel flow was required a t  
45,000 that at 35,000 feet. 

CONCUTDING REMARKS 

The performance of the YJ73-GE-3 turbojet  engine was determined 
over a wide range of f l ight   condi t ions  in   an  a l t i tude test  chamber. 
With an  exhaust-nozzle area of 2.388 square feet, the performance at 
sea- level   s ta t ic   condi t ions was: maximum thrust ,  8800 pounds; air flow 
at rated speed, 142 pounds per  second; spec i f i c   fue l  consumption a t  
rated  speed, 0.92 pound per hour per pound of th rus t .  

The use of an  exhaust-nozzle area s ized   to   g ive  rated conditions 
a t  sea Level would permit  operation  near the point of m i n i m   s p e c i f i c  
f u e l  consumption f o r  a wide range of f l ight   condi t ions  but  would cause 
excessive  exhaust-gas temperatures at ra ted  speed at high  a l t i tudes.  

A t  rated corrected  speed and a choked exhaust  nozzle (rated area), 
decreasing  the Reynolds number index f r p m  1.0 t o  0.1 decreased  the 
corrected air flow 5 percent and increased the corrected  exhaust-gas 
temperature 120° R. 

I n  order  to  predict   fuel  f lows over wide Yanges of i n l e t  tempera- 
ture ,  f u e l  flows should be calculated from air  flows, i n l e t  and ou t l e t  
temperatures, and  combustion eff ic iences ,   ins tead of f’rom generalized 
fuel-flow plots. , 

t 

. .  
Y 

Lewis Flight  Propulsion Laboratory 
National  Advisory Committee for Aeronautics 

Cleveland, Ohio, June 23, 1954 

c 
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APPENDIX A 

SYMBOIS 
. .  . . .  

0” 

The following sydools are used i n  this report:  

A area, s q  f t  

B th rus t   s ca l e  reading, lb 

cD discharge  coeff ic ient ,   ra t io  of effective  f low area t o  cold 
projected  exhaust-nozzle area 

CV ef fec t ive-ve loc i ty   coef f ic ien t ,   ra t io  of scale jet thrust t o  
nozzle-inlet  rake je t  thrust 

D external  drag of in s t a l l a t ion ,  lb 

r 
Fj 

Q dimensional  constant, 32.2 f t /sec2 

jet  thrus t ,  lb 

Fn net   thrust ,  lb 

M Mach  number 

w engine  speed, rpm 

P to ta l   p ressure ,  lb/sq f t  abs 

P s ta t ic   p ressure ,  lblsq f t  abs 

R gas  constant, 53.3 f t - lb / ( lb )  (9) 

T total   temperature,  92 

t s t a t i c  temperature, OR 

v velocity,  ft/sec o r  knots 

wa air flow, Ib/sec 

13 
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Y ratio of spec i f ic  heats fo r  gases 

&a r a t f o  of ambient absolute static pressure   to   absolu te   s ta t ic  
pressure of NACA standard  atmosphere at respec t ive   a l t i tude  

r a t i o  of engine- in le t   to ta l   p ressure . to .absolu te   s ta t ic   p ressure  
6T'1 of XACA standard  atmosphere at sea l e v e l  

qb combustion eff ic iency 

e a   r a t i o  of absolute  equivalent artibient s ta t ic   temperature  t o  
absolute s ta t ic  temperature of NACA standard  atmosphere at 
respect ive  a l t i tude 

- . .. 

'T, 1 r a t i o  of absolute   engine- inlet   to ta l  teqerature t o  absolute 
s t a t i c  temperature of NACA standard atmosphere a t s e a  l e v e l  

cp r a t f o  of absolute  Viscosity of air at engine inlet t o   v i s c o s i t y  
of NACA standard  atmosphere at sea l eve l  

Subscripts : 

a air 

e equivalent 

ef e f fec t ive  

f f u e l  

Q gas 

i indicated 

N exhaust nozzle 

r rake 

S scale  . .. 

. 
" 

- . " 

.. . 

0 free-stream conditions 

1 engine i n l e t  
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3 compressor outlet 

4 conkustor inlet 

5 turbine inlet 

c 

6 turbine out le t  

7 exhaust-nozzle inlet 

15 



16 

APPENDIX B 
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FIEDUCTION OF EXPERIMENTAL DATA 

Flight Mach number. - The equivalent  f l ight Mach number, with 
complete ram pressure  recovery assumed, was calculated from the 

. " 

Equivalent  temperature. - Equivalent s t a t i c  temperature was deter- 
mined from  ambient s ta t ic   pressure and engine-inlet   total   pressure and 
temperature : 

" 

Airspeed. - The following equation was used t o  calculate  airspeed: 

Temperature. 
temperatures  with 

- Total  temperatures were determined from indicated 
the following relat ion : 

y-l 

Ti(;) -r 
T =  - Y - 1  

1 + 0.85 ' - .] 
where 0.85 was taken a6 the  recovery  factor f o r  the thermocouples  used. 

A i r  flow. - Air flow was determined from pressure and temperature 
measurements in  the  engine-inlet  air duct and the following equation: 

. 



Gas flow. - The t o t a l  weight ,flow through the  engine was  calculated 
c as  follows : 

wg = w a , l  + 3600 
Exhaust-nozzle  effective-velocity  coefficient. - The ve loc i ty  

coef f ic ien t  was calculated as t h e   r a t i o  af scale  Jet t h r u s t   t o  rake jet 
thrust .   Scale je t  thrust was obtained  from the equation 

Rake  jet thrust w a s  calculated  from  gas flow and an  effective- 
velocity  parameter: 

b 

The effect ive  veloci ty ,  which includes  the  effect  of excess p res -  - sure not  converted  to  velocity for supercr i t ical   pressure  ra t ios ,  is  
given  for  an ideal convergent  nozzle: 

where VN, AN, and prr are the  veloci ty ,   the  area, and the s t a t i c  
pressure at the vena  contracta. The t e r m  Vef/d- i s  ca l led  the 
effective-velocity  parameter and is a function of exhaust-nozzle 
pressure   ra t io  and the r a t i o  of specif ic   heats .  

c 
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APPENDIX C 
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PERFORMAWCE CALCULATION FROM PUMPING CICARACTERISTICS 

Three methods of performance  prediction based on pumping character-  
i s t i c s  are presented t o  permit  calculation of engine  performance f o r  
most engine  operating  conditions. 

Case A is  f o r  an engine  with 812 exhaust  nozzle of known area i n  
which the  exhaust-nozzle  pressure  ratio i s  high enough (well above 
cr i t i ca l )   tha t   the   d i scharge   coef f ic ien t  i s  constant. 

Case B i s  f o r  an engine in which the  exhaust-gas temperature is 
known, but  the  exhaust-nozzle area is not  (e.g., where a control  t r im 
a variable-area  exhaust  nozzle  for a desired temperature) . 

Case C is f o r  an engiue wi th  an exhaust  nozzle  of known area when 
the  exhaust-nozzle  pressure  ratio  ie low enough t o  change the discharge 
coeff ic ient .  

C a s e  A 

To demonstrate  case A, a f l ight   speed of 600 knots and an  altitude 
of 15,WU.feet are chosen as the   f l ight   condi t ion.  Rated engine  speed 
and an  exhaust-nozzle area of 2.388 square feet are assumed. The 
following  quantit ies are known: 

po = 1193 lb/sq ft 

t o  = 465O R 

Vo = 600 knots 

N = 7950 rpm 

From these   quan t i t i e s   t he   fo l lowing   pa re t e r s  may be calculated: 

(D 
(D 
d m 
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% 
P 
d 

M 
1 

& 

. 

and 

W, = 136.5 lblsec 

P6 = 4534 lb/sq f t  

T7 = 1617' R 

Fuel flow. - To c a l c u l a t e   f u e l  flow and thereby  obtain gas flow, 
the following s teps  are required: 

WaT7 = (136.5) (1617) 

= 221x103 

From figure 11, 

qb = 0.975 

The engine  temperature rise i s  

TT - T1 = 1067' R 

From reference 8, 

(wf/3600 ideal = 0.0149 

Dividing by eff ic iency t o  obta in   ac tua l   fue l -a i r   ra t io ,  

(wf/3600 Wa)actual = 0.0153 
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The fuel   f low is 

The gas flow i s  

Wg = H a  + (Wf/3600) 

= 138.6  lb/sec 

NACA RM E54F22 

CD co 

Exhaust-nozzle-inlet  pressure. - To calculate  the  exhaust-nozzle- 
inlet   pressure P7 the  following steps are necessary: 

wsfi/p6 = 1.229 

From figure 12, 

(Ps - P7) /P6 = 0.0205 

and 

= 4441 lb/sq f t  

Thrust. - To calculate  t h r u s t  the following steps are necessary: 

P7/po = 3.723 

Ratio of specif ic   heats  y7 f o r  a f u e l - a i r   r a t i o  of 0.0153 and a 
temperature of 1617O 9 is 1.334. From the  exhaust-nozzle  pressure 
r a t io ,   t he   r a t io  of specif ic   heats ,  and reference 9, the   e f fec t ive-  
velocity  parameter vef/&iT can be found: 

V e f / m  = 1.472 

The effect ive  veloci ty  is 

Vef = 1.4724- 

= 2455 f t / s ec  



. 
The ideal  or  rake jet  th rus t  i s  

= 10,570 lb 

From f igure 13, 

w C, = 0.986 
% 
Q, The actual  or  scale je t  thrust is  

Subtracting inlet momentum t o  get net. thrust, 

give 

= 6126 lb 

Summary. - Summarizing the performance  and  rounding off nunibem t o  
more rea l i s t ic   ind ica t ions  of accuracy, 

T7 = 1620' R 

W, = 137 Ib/sec 

Wf = 7500 lb/hr 

F, = 6100 lb 

C a s e  B 

To demonstrate  case By a f l i g h t  speed of 600 knots and an  a l t i tude 
of 15,000 feet are chosen as the flight condition (the same as case A ) .  
For the  engine, rated speed  and limiting exhaust-gas temperature are 
assumed. The following quant i t ies  are known: 

po = ll93 lb/sq f t  

to = 465O R 

Vo = 600 knots 
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N = 7950 rpm 

T7 = 1645O R 

From these   quant i t ies   the  following parameters may be  calculated: 

vo = 1ol3 f t / sec  

P1 = 2149 lb/sq f t  

TI = 550° R 

= 1.016 

d G  = 1.030 

l/g 4 5  = 940 

N/- = 771% rpm 

T7/T1 = 2.991 

From f igures  7 and 8, using  the method outlined i n  the  text, 

~~7/8'iT,1/6T,~ = 138.7 lb/sec 

P6/P1 = 2.172 

and 

W, = 136.8 lb/sec 

P6 = 4666 lb/sq f t  

Fuel flow. - To ca lcu la te  f u e l  f l o w  ana thereby ob ta in  gas  flow,. 
t he  following steps are required: 

WaT7 = (136.8) (1645) 

= 225x103 

From figure 11, 

. 
." 

flb = 0.975 
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The engine temperature r i d i s  

. :e* :& 

I 

T7 - TI = 1095O R 

From reference 8, 

. The gas flow i s  

c 
Wg = W, + (Wf/3600} 

= 139.0  Ib/sec 

23 

Ekhaust-nozzle-inlet  pressure. - To calculate  the  exhaust-nozzle- 
in le t   p ressure  P7 t he  following steps are necessary: 

Wgfi/P6 = 1.208 

From f igu re  12, 

and 

= 4576 lb/Sq f t  

Thrust. - To calculate  thrust the  following steps  are  necessary: 

P7/po = 3.836 

and y7 f o r  a fuel-air  r a t i o  of 0.0158 and a temperature of 1645O R is 
1.332. From the  exhaust-nozzle  pressure  ratio,   the  ratio of spec i f ic  
heats,  and  reference 9, the  effective-velocity  parameter V e f / m  
can  be  found: 

- 



24 NACA RM E54322 

The e f fec t ive   ve loc i ty  is 

Vef = 1.4844- 

= 2496 ft/sec 

The ideal or rake jet  th rus t  is 

= 10,780 lb 

From f igu re  13, 

Cv = 0.987 

The ac tua l   o r   sca le  jet  th rus t  i s  

= 10,640 lb 

Subtract ing  inlet  momentum t o  get net   thrust ,  

= 6335 lb 

Exhaust-nozzle area. - To f ind   ou t  whether the  exhaust-gas  temper- 
ature  chosen i s  within  the  physical   capabi l i t ies  of the  exhaust  nozzle, 
calculat ion of' the  exhaust-nozzle area is necessary. 

From f igure  lO(a) , 
CD = 0.985 

(The exhaust-nozzle area is  expected t o  be smaller than 2.388 square 
feet, because a h1gher.value of T7 wa13 used i n  case B than i n  case A.  
Therefore,  fig. lO(a) is used. ) 

U s i n g  the   to ta l - to-s ta t ic   p ressure   ra t io  at t h e   e x i t  of the exhaust 
nozzle, the r a t i o  of spec i f ic  heats, and reference 9, the  exhaust- 
nozzle area can be found: 

u) 
(D 
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.A 
-I 

n n 

? 

3 
4 

Static-pressure  parameter = 0.801 

= 2.366 sq ft  

(The value 1.010 w a s  an  approximate  correction  for  thermal expans 
used  for a l l  experimental data. ) 

ion 

Summarizing the performance and rounding off nunibers t o  give more 
rea l i s t ic   ind ica t ions  of accuracy, 

wa = 1-37 Ib/sec 

Wf = 7800 lb/hr 

F, = 6300 lb 

AN = 2.37 sq f t  
c 

Case C 

Tbe s imi le r i ty  of the mathematical steps i n  cases B and C makes a 
numerical example of case C unnecessary. The differences between the 
two methods are: for case B the  exhaust-gas  temperature is known, 
while for  case C it is unknown; f o r  case B the exhaust-nozzle mea is 
unimportant  (except t ha t  it should f a l l  within  the  geometrical lirnita- 
tions),  while  for  case C the  exhaust-nozzle area is  known and is  one 
of the  factors  affecting  exhaust-gas  temperature. 

The solution of case C i s  accomplished BB follows: 

(1) Assume an exhaust-gas  temperature. 

(2)  Solve  for  exhaust-nozzle area (uslng the  steps  given in case B)  . 
(3) ASSUBE new values of exhaust-gaa  temperature and solve f o r  

exhaust-nozzle are8 u n t i l   e i t h e r  t h e  desired value  of area is  obtained 
or   unt i l   suff ic ient   points  have been  obtained t o  cross-plot  for 
performance at the desired exhaust-nozzle  area. 
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TABIB I. - IDWlXE PWORMANCE DATA. 

(a) Inlet guide vanes open. 
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TABLE I. - CONTINUED. ENWXE P E R F W C E  DATA. 

( a )  Contlnued. In le t  guide vanea open. 

Bo.8 142.4 
81.0 140.1 

BB.4 lU.7 
n.8 u . 6  

44.4 16.8 

54.7 1m.o 
66.6 l U . 7  

1 . 9  158.6 
sp.6 1a4.9 
60.4 12l.8 

U.1 116.7 

n.6 7 1 A  
17.5 1 98.6 

18.8 

0.981 ;E l"i 
1.m 1.12 

.ns 8 . U  .am 7.01 
,084 7.66 
3 7 1  8.09 
,974 6 .M 
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.8W 

.8K 

.nu 
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1 . 1 u  
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1 . 5 1  
6.1U 

1.14d 
1 . 1 1  
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16.19 
1.214 

1 .me 
1.217 
1 .U7 
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- 

- 

- 

1.147 
1.101 
1 .UP 
1.117 
1 .u1 

1 .UO 
1 .am a.ms - 
1.187 
1.112 
1.102 
1.1% 

1.181 
l .=4  
1.286 
8.709 

1.275 
1 . m  

I 

1 . m  ""_ 
1.891 

1.m 
1 . a 1  

1.Ql 
1.m6 

- ""_ 

- 
0.912 

.as5 

.bia "8 

1 3 s  

1.M7 
1.188 
1.210 
1.1% 
1.611 
S.178 

1.UD 
1.m 
1.121 
1.192 

- 

- 

15.88 - 
1 . m  
1.216 
1.111 
1 . U 1  
rrr" 

1.079 
1 . M  
1 . m  
1.- 
1.w 

1 . m  

2 . m  
1.171 

- 
1 . n a  
1.082 
1 . W  
1.W 

1 . M  
1.162 

0.m 
l . l W  

1 3 1  
1 .1m 
1.148 

1.748 

~ 

"_ 
1 . m  
1 . W  
1.1- 
1.118 "_ - 

- 
0.UlU 
.sa 
,Ma 
,184 

1.256 

1.1m 
I . l U  
1 . m  
1.m 
6 . m  
5.150 

].la 
1.171 
1.181 
1 . 2 9  

- 

- 

6.18 - 
1.240 
1.228 
I .*m 
1 . m  
"" 

1.188 
1.180 
1.1m 
1.138 
l . lU 

1 . m  
l.4BL 
1 . 1 9  

L.Pl0 

1.183 
1.14a 

1.188 
1.243 

P.U1 

1.m 
1.m 
1.m 

1.m 

1.m 
1.m 
1.- 
1.m 

I 

1 . m  

1 . m  
- 

." 

." - 
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TABLE 1. - CCNENTED.  ENGINE PERTCRMANCE DATA. 

(a) Continued. Inlet  @de vanes open. 

P 

. . . . . . - 

m. 2.nr sq rr F 

. 99TE j 1 .  

. . . . . . . . . 

I 

. ..  
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TABLE I. - CONTIN[w. $NOINE PERFCRMANCE DATA. 

(a) Continued. Inlet guide vanes open. 

* P . P  ldl .4 
u.l 116.1 

34,s 1 0 . 1  

14 142.0 
54.1 ls .1  

lD.6 I ma5 

. . . . . . . . . . . .  . . . . . . . . . 



TABLE I. - CONTINUED. ENGINE PERFORMANCE DATA. 

(a) Continued. Inlet guide vane8 open. 
Turbine- 
Outlet 

q m t u r e  
tom1 

T8 1 

QR 

Y. 2.694 
I 

rq i t  - 
7788 
7955 

7420 
e486 
549.3 

1953 
1786 

8678 
7413 

5411 

7349 
7795 
7411 
8874 
6445 

7955 
7794 
7441 
6686 
5470 

7981 
7819 
7963 
77% 
7792 

14OQ 
7420 

6950 

5- 
6869 

7964 
1614 
7508 
7950 
7 m  

1795 
7715 
l a 0  
8924 

5479 
1874 

7970 
7711 
1449 

5786 
8527 

79% 
7714 
7569 
8915 
E3m 

- 

- 

- 

- 

- 

- 

__. 

7993 
7827 
74665 

bb51 
8759 

8128 
1942 
7563 
8804 

- 

549a - 
7814 
7682 
7285 
SSSJ 
6SS4 

8058 
7890 

6753 
7553 

5492 

7988 
7651 
7468 
7MO 
7307 

7019 
8W7 
6951 

511s 

BOO0 
7637 
7529 
74FJ4 
7438 

7562 
7522 
8992 
6954 
6219 
4121 

7541 
7558 

a139 
701 6 

5437 

7161 
6987 
6681 
aua3 
5102 

- 

- 

- 

- 

0.958 ?OB5 
.e42 I 2059 144) 

1445 

lsw 
1151 
116s 

1596 
1306 
1170 

1375 
1331 
l l s o  

817 

1387 
1348 
12S5 

820 

1423 
1370 

1024 
1262 

877 

1- 
1487 
1395 
1- 
13M 

1442 

n e 0  
- 

"" 

- 
"" 

- 

leeo 
lM.8 
l P B l  
1m9 
130 

1627 
1498 
l e 9  
1446 
1449 

1410 
1380 

1211 
lsoZ 

1081 

- 

ne8 - 
lsoS 
1428 

1064 
1UI 

959 

1569 
I494 
1STr 
1P47 
1111 - 

106 0 
107 
la¶ 
108 

, 110 
I 

111 15,ooo 
112 

, 1u 
~ 114 

115 

116 %.Ow 
118 
117 

- 
I 119 
I 120 

, 121 35,m la2 
! 12s 

j 126 
I 121 

i le8 

124 

' 127 

129 
150 I 

136 4 5 , W  

I 140 
139 

, 143 
144 

146 
I 145 

i 
~ ldB 
I 147 M,MX) 

' l K l  

149 

161 

1W 

ls4 
UJ 

I 1 s  

I 
I 1m 

3762 
m a  
s45a 
SOSe 
2403 

SS83 
3247 
a981 
2382 
1582 

2208 
2 1 s  
1965 

1G79 
1551 

2236 
2161 
1987 
1555 

855 

15OE 
1418 
1585 
m2 
1 W  

1264 
la24 
1204 
1018 
184 

940 
889 
886 
869 
875 

844 
837 

730 
168 

615 
415 

531 
51 3 
487 
388 
268 

cos 
391 
575 
Sl  
?a3 

- 

- 

1148 1166 
1140 

1 m  
1- 
1210 
1011 
191 

1327 
1582 

1209 
1015 
188 

1587 
1552 
1216 

990 
E49 

1598 
1290 
1412 
l S 0  
lSb6 

12% 
1228 
1069 
1018 
786 

l312 
1411 

1275 
1408 
1- 

1383 
w68 
1211 
lwl8 
1040 
a45 

1MJ 
1422 
1319 
1014 
919 

1484 
1562 

1388 
l9m 
1W 

22e3 
22M 
2011 
1500 
1046 

2321 
2244 
2M9 
1583 

860 

14.68 
1591 

1441 
1311 
1394 

l3ol 
1238 
1246 
1038 
874 

920 
973 

897 
891 
903 

870 
844 
719 

Bas 
e 7  

M 9  
51s 
Sa? 
318 
270 

421 
409 

3 1  
500 

- 

- 

7-18 

- 

_I_ 

101s I 
7910 

5908 

7941 

6791 

.ma .6SU 178 

0.596 486 
.59l 479 
.MP 4m 
.582 
.579 

1.22 I za4 468 
499 

505 
500 

444 

b4x 
444 

497 

sm 

( f  
498 
500 

445 
443 
444 
499 
MK, 

445 

1775 
1707 
1577 
1300 
887 

1170 
1627 
1765 
l6Bs 
1703 

1570 
l57S 
1393 
1sP4 
1010 

1190 
1663 
1611 
1795 
1800 

- 

1.22 --- 
1.24 S82 
1.23 586 
1.21 591 

.e18 992 

.e12 382 

.199 4-47 

.8W 439 

.795 448 

497 1; . U 7  411 

.570 498 

.37l 4 s  

.370 491 

.S76 502 
.570 S O l  

0.267 208 .ma 508 
.267 298 
.a9 M l  
.PSO 514 

.e17 so1 

.223 XI1 

.ns spo 
0 . 1 s  179 

7610 

SS30 

88M I 

7949 I 
.a00 44s 
.m 399 

500 -1 
44s 

.794 444 
463 

600 
1115 

.'I78 449 5.43 
4.m 1355 
417 1080 

0.115 4Sl 497 
.793 441 m 7  2e5 

211 1860 
1161 

.lac 44s 

.117 444 
498 ass 1841 

.711 445 499 a1 
1327 
1175 

" 0  48s 498 214 
.4m 179 497 21s 

1925 

.422 481 491 I W  
1M7 
1691 

,415 416 
S I 0  4B7 

4ma 251 
5m aa? 1410 

1 W  

498 816 1 
.110 
.lL? 10M 

I + 
I 

1 
99-E 

" 

' i  ' 
I 
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TABLE I. - C m .  mGINE P E R F W C E  DATA. 

(a) Continued. Inlet  &de vane8 open. 

I I I I I I I I 

- 
2.m 
2.- 
2 . 0 9  
2.Q73 
2 . m  

2.m0 
2.Ed6 

1.988 
2.368 

1.514 

2.671 
2.693 

- 

- 

a . m  
a.mo - 1.m0 

2.741 
2 . 1 9  

1.8T2 
1.U 

5 . m  
2.801 
2.M7 
2.110 
2.097 

2.428 

2.405 
2 . w  
1.800 

2,1& 
5.153 

2.811 
2.7M 
2.1- 

2.111 
9.878 
2.m 
P . M  
2 . m  
1 . M  

2 . m  
2.7M 

2 . m  
1.845 

3.m 
2 . m  
2.- 

a . u p  

2 . 4 ~ 6  

- 

- 

e.= 

PAW g 

0.8m 
,am .n%? .am 

1.234 - 
1.1n 
1.141 
1.1m "_ "_ - 
1.188 
1 . m  
1.184 "_ -" 

m . 7  I4S.P 
134.7 141.1 
128.8 164.8 
111.1 l U . 0  
10.4 n.1 

12t.s 1 u . n  
125.6  144.1 

115.8 1 S . 5  
99.5 118.2 
1Z.T 15.8 

8L.O 143.7 
8S.4 141.1 
19.5 1 Y . 1  

U . 8  71.9 

Pd.9 142.4 
ni .5  142.2 
e.1 l M . 2  
70.0 117.1 

m.4 117.2 

u . s  15.8 

s . 9  114.8 
65.7 142.4 
U . 1  142.S 

53.6 m.l 
E6.1 140.8 

11.8 m.1 
61.8 lS3.3 
Es.5 4 5 . 4  
45.6 u7.1 
a . 5  88.1 

56.8 115.1 
24.4 141.R 
S . 0  142.4 
ss.8 lS9.8 
Y . 6  U7.4  

34.1 140.7 
s s .2  un.4 
11.8 la2.0 
3l.9 U 1 . 8  
27.9 llS.9 
11.9 75.8 

eo.& 1 ~ 7 . 7  

15.0 IM.O 

21.6 1 u . 4  

19.1 128.7 

11.1 15.8 

15.1 1sa.8 
18.4 1 U . I  
14.1 lp8.9 
14.2 119.8 
u . 1  m.s 

"_ 
1.197 
1 . 1 8  
1.391 
1 .=2  
"" 

1.111 
1.UB 
1,2%3 
1.m 
1 . e r  

1,149 
1 . m  
1.195 

8.121 

1 . m  
1.2M 
1.170 
1.191 
1.181 

1.112 
1.298 

1.11. 

"- 
- 

1 . m  

"" 

- 
1.U11 
1.338 
1 . m  

"" 

e.ans 

1.m 

" 

1.1U 

1.220 
1.111 
1.W - 

" " I  "" 

1m1 lms * 
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TABLE I. - CONTINWD.  ENGINE PBRFORMNCE DATA. 

(a) Continued. In l e t  guide vanes open. 

E I I I I I 
a. 1.m mq PT 

7 1 u 9  
U P 8  2l50  

IM M , m  
IR) 

I93 

I . . .  
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CX-5 back 3166 
T I 

TABLE I. - CONTINUED. E N G I N E  PERPOFWSNCE DATA. 

(a) Concluded. In le t  guide  vanes open. 

Exlmuat-nosrls a m .  3.188 ma it - 
0.W 

,066 
.932 

1 . 8 Z  
,956 

2.490 
1.540 t 157 1S.8  

158 111.7 
150 127.4 

111 70.7 
182 11.5 
16s 48.2 

164 126.2 
165 124.1 
186 119.8 
167 122.1 
188 102.4 
169 71.9 

160 110.4 

~ 

157.0 114.2 
iS4.6 111.8 
128.4 135.1 
112.1 118.1 
71.5 72.5 

49.1 49.4 
12.5 11.5 

0.991 
,974 

.BE8 

.941 

1,580 

2.620 
1 .M7 

1.640 
1.6% 
1.444 
1.273 
1,104 

1.051 
1 .lo$ 

1.001 2.%4 
.982 2.287 

.SI4 1.886 

.048 2.124 

1.654 1.990 

2.525 2.210 
1.880  1.988 

1.599  1.447  2.494  1.821 

:::E 1 1.856 12.m 1 1.438 
1.M 2.199 1.503 

e.043  2.942  1.741 1.127 

86.4 147.4 
84.4 144.2 
02.1 140.1 
70.9 121.2 
4 2 ~ 1  72.0 
I I I I 

4 s  461 769 2.564 
400 421 702 2 . m  

36.6 

49.7 
54.1 

S5.0 

179 

100 

1B2 
195 

-002 6 . S  1870 1894 B B B ~  2874 2146 2181 7 7 s  

1 . W  4.30 880 lW5 2980 1160 1761 1781 4819 
e991 6.80 lS32 1518 464.4 2516 2 4 s  2412 8851 

.960 2.17 304 Sl3 958 699 886 898 1 9 s  

1.648 

1 .sa 1,515 

.a27 

1.681 
1.641 
1.E81 
1.478 
1.241 

,870 

1.558 
1.407 
1.170 
1.152 
1.m 

- 
582 448 3482 ""- 
648 420 urn ----- 
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TABLE I. - C O N O E D .  ENQTNE PWFORMANCE DATA. 

(b) Conuluded. Tnlet guide vanes closed. 

I I . .  

~ 8 t - n o r r l e  a n a .  2.588 ma rt - 
2.410 
2,139 
P . w 8  
2.181 
2,254 

- 
1.480 
1 .Sl8 
1.178 
1.091 
1.086 

I. 
11.4 

6.18 
0.58 

4.68 
1.92 

8.96 

4.91 
7.38 

3 . n  
S.88 

2.02 
2.60 

- 
- 

1270 2388 2677 S9Oa 1743 5817 4172 1491 
1660 1725 1971  3124 SO56 31W J693 986 

954.7 1814  1718  1778 IOS? 2l 

1ce2 948 
750 7W 

2861 1659 1847 1640 4592 7M 

498  488 
360 538 

1399 1056 995 1001  2781  218 
1015  752 882 885 1912 22 

am 842 

elso 1 x 3  1z-001 1 m  38.37 c61 

15SO 1744 1,211 1.2% 1.225 2.075 1.282 
lW9 1180 1.684 1.711 1.7W 1.Bc.5 1,lSB 
22 25 38.09 38.70 38.42 1.600 0.914 

< '  . :I 2.144 
1 .e90 
1.698 
1 .546 - 

1.291 
I .ls5 
1.018 
0.811 - 

I Exluust-nozzle mu. 2.894 nu rt 
2 1  

1.28s 1.198 1.801 1.480 1,484 2150 708 785 4801  1742 1732 1004  5441 1136  1132 4-32 .979 108.0 40.5 40.2 25 
1.m 2.509 1.770 1.841  1.848 2.228 791 785 4tuB 1750 1 7 s  1875  3961 l3OS 1110 4.37 ,963 101.4 39.1 19.0 24 
1.391  2.821 1.885  1.748  1.747 2f!74 8?2 807 4996  1805 2.&?01771 4288  14% 1410 4.82 0.977 103.2 40.3  39.5 

27 10.7 3l .8  81.8 .948 2.18 4W 415 1245 .SSBP 1.591 4.m 4.092 28s 4.081 102 PISS BS a77 871.7 847 
a6 1.14!5 1.964 1.818 1.495 1.BW l4W 499 500 5897 lS84 587 1191  2273 747 760 3.24 .SPO 96.3 37.0 37.0 

" 

"" 

"_" 
"" "_ ""_ 
""" ----- I I 2.168 1.22s ---- 2.106 1 . 2 U  

I--- 2.098 1.196 ----- 1.880  1.161 ----- 1 . m  1 . m  

11858 
s490 

311 
244 
161 

319 
262 
168 

3.171 
l.639 
4.627 ""_ 
"" 

1.10s 
1." 
4.576 ""_ 
"" ""_ 

990 
894 

418 
759 

42s 
sa? 

3.824 2.008 1.m ""_ 
"" 1.390 . 8 M  
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TABLE 11. - E N G I N E  PERFORMANCE DATA OBTAINED AFTER ENGINE OvHlHAUL. 
W b l n . -  
ln1.t 

Bpep.L"m 
tot41 

f '  

rst-le 

a 0  
M18 
1887 

18U 
"" 

18W 

1611 
14% 
l a  

pool 
1WO 
1857 
1131 
1881 

2017 
1175 
1780 

1070 

" 

17oa 

us1 

'r I 

1 K01 

1791 
16&0 
2#1 

laso 

mn 
l6Lo 
lW3 

1P21 
lBW 

X l B l  

20Jl 
1W 
1- 
lSl0 

Ut-DO.81. 

1801 
1860 

1335 
1m1 

114a 

1880 

1WCI 
1767 

lSt3 
1Ml 
1144 ms 
1-7 

"_ 

18-51 
1639 
1440 
l 3 l O  
1690 

18W 

la0 
l4W 

978 
1863 

lW 

1888 
1641 
1214 
lasl 

n. 2.b14 as 

1u1 
1440 

1111 
1- 

ow 
UM 
1512 
1418 
1101 

1uI 

l S 4  
lSl7 

1234 
1011 

1312 

n 

).boo zd9 

.8W 5dl .a 

.m 187 

.792 4lB 

.7so "r 

.7m 408 

.?zd 4m 

. e a  m 

2:: 1 ; . 4 u  
.I50 
.w L L 

f 114 
173 
180 
l7S 

E 

4m 
Kx 
410 
414 
4i) 
4m 

277 

217 
zp. I 

N 
N 

L ' I  
' 99TE . I 

. . .  
1 
. .. ." . .  . 
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TABIZ 11. - CONCLUDED. ENGINE PERFORMANCE DATA OBTAINEU APTER ENQINE OVERHAUL. 

! N 

co 

" I _" 

I 
I. 2.1w .o If 
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Figure 1. - Installation of YJ73-GE-3 turbo jet engine in altitude chamber. 
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991s 
" . .  . 

Ip 
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3Lbb 

I 

E&~ust-gas col lector 

Floating test bed 

. .  

B r 



. . .  . . . . - . . . 

Air - 

I 
f lov 
__I 

P 
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. .  . . . . : . . 

Diffuser Tail pipe -us* nozzle 

I I 

(a) Fixed conical nozzle; ares, 2.388 square feet. 

(a) clamshell-type nozzle; area, 2.514 and 2.694 
square feet (two positions) . 
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5400 . 6200 .. 6 ~ o  ... ... tooo . . t460 7 m  
Engine speed, N, rpm 

(a) Reynolds number index, 0.88; altitude, 15,000 feet; flight Mach num- 
ber, 0.803. 

Figure 5.  - Engine performance maps. 
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Engine  speed, a, rpm 

(b) Reynolds  number  index, 0.591 altitude, 25,000 feet;  flight  Mach  num- 
ber, 0.804. 

Figure 5. - Continued. m i n e  perfonaance maps. 



46 

1700 

1600 

1500 

1400 

1300 

1200 

1100 

loo0 

900 

800 
5600 6000.. 640 . 6800 7200 7600 8OOO 8400 

Engine  speed, N, rpn 

(c )  Reynolds number index, 0.581 a l t i t u d e ,  35,000 feet i  f l i g h t  Mach 
number, 1.23. 

Figure 5. - Continued. Engine performance maps. 



Engine sped, N, rp 

(d) Reyrwlds number index, 0.39; alt i tude,  35,000 feet, f l ight  Mach number, 0.805. 

Figure 5. - Continued. Engine perfowance maps. 
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Bi 

c 

t 

Figure 5. - Continued.  Engine  perfomnonce mags. 



5400 5800 6200 6600 7000 7400 7800 8200 8600 
Engine speed, ti, rpn 

(f) Reymlds number  Index,  0.15;  altitude,  55,000  feeti flight Mach number, 0.79. 

Figure 5. - Continued.  Engine perfmumnce  maps. 



50 t XACA RM E M 2 2  
* 

1500 

1100 

1000 

5400 5800 6200 6600 7000 7400 7800 8200 
Engine speed, I!, r p  

( g )  Reynolds number index, 0.12; altitude, 55,000 feet; f l i g h t  Mach num- - 
ber, 0.43. 

Figure 5 .  - Concluded. Engine performance map. 
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3.8 

+, 
3.4 

rn 

2 
2 

'L 

aJ 
$ 3.0 
61 
rl 
N 
N 

i) 
c, 3 2.6 

w 

2.2 
0 20 40 60 80 100 
Thrust  at  rsted  engine  speed  and  rated  exhaust-nozzle  area, 

percent 

Figure 6. - Variation of exhaust-nozzle  area with percent of 
maximum thrust f o r  minimum  specific  fuel  consumption. 
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3 .O 

2.8  

2.6 

2.4 

2.2 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

Engine 7. - Engine pumping characteristics. Reynolds number Index, 0.391 
altitude, 35,000 feet; flight Mach number, 0.805. 
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4 

1.1 

.9 
.1 .2 .3 .4 .6 .8 1 

Reynolds number index, 6 T , l / ' p s  

Figure 8. - Engine air-flow and pressure-ratio  corrections 
f o r  range of Reynolds nuuiber index. 
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NACA RM E54X22 - 

(a) Bchaust-nozzle area, 2.388 square feet. 

3 (b) Exhaust-nozzle area, 2.514 square feet .  

( C )  EKhauat-nozzle area, 2.694 square feet.  

1 2 3 4 5 6 
Exhauat-nozzle pressure ratio, p7/p0 

(a) Exhaust-wzzle area, 3.688 square feet .  

10. - Exhamt-nozzle discharge coefficient. 

55 
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.9 

.8 

Figure 11. - Variation of combustion efficiency with combustion parameter. 

u 

20 40 60 80 100 
Combustion parameter, W,, 
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1.0 1.a 2.6 3.4 4.2 5 .O 5.8 
Ratio of nozzle-inlet  total pressure t o  anibient s t a t i c  preesure, P /p 

7 0  
Figure 13. - Variation of effective  velocity coefficient with exhaust-nozzle 
pressure ra t io .  
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EnGne pressure wameter, 1.26 P, - po 

Hgure 14. - Jet  thrust mrrelatfon for all exhaust-nozzle areae. Fom nozzle ereas at each 
altitude: 2.388, 2.514, 2.644, and 3.688 square feet. 

c 



60 

Plgure 1 5 .  - J e t  chRLBt correlation f o r  an exhaust-nozzle area of 2.360 square reer. 
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Corrected englne speed, N/-, rpm 

(a) Corrected air f low.  

Figure 16. - Effects of i n l e t  temperature. Altitude, 35,000 feetj 
f l i gh t  Mach number, 0.81 exhaust-nozzle area, 2.37 square feet. 
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5400 5800 .62Qo . 6600 .. 7- 740.0 7800 8200 
Corrected  engine speed, N/-","r-p- 

(b) Corrected net thrust. 

" 

, T , I  

Figure 16. - Continued. Effects of inlet temperature. Altitude, 35,000 feeti 
flight  Mach number, 0.8; exhaust-nozzle area, 2131 square feet 

" . - .. 

. .  " 
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5400 5800 6200 6600 7000 7400 7800 8200 8600 
Corrected  engine  speed, IT/-, rpm 

(c) Corrected fuel flow. 

Figure 16. - Continued. EXfects of inlet  temperature.  Altitude, 35,000 feetJ 

TI 1 

flight Mach number, 0.8; exhaust-nozzle  area, 2.37 square feet. 
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Engine pressure ratio, Ps/P1 

(a) Variation of engine temperature ratio  wlth  engine  pressure ratio. - 
Figure 16. - Concluded. Effects of U t  temperature. Altitude, 
35,000 feet; flight Mach number, 0.8; exhaust-nozzle area, 2.37 b 

square feet. 
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0 200 400 600 800 
True flight speed, Vo, knots 

(a) Altitude, sea level. 

Figure 17. - Predicted performance from pumping characteristics. Exhaust- 
nozzle area, 2.388 square feet. Standard NACA atmosphere and complete 
ram recovery assumed. 
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.. 
0 200 400  650  800 1000 1200 

True f l ight   speed,  Vo, -mota 

(b) Alti tude,  5000 f e e t .  

Firnure 17. - Continued. Predicted  performance fram pumping characterietics. 
Exhaust-nozzle -ea, 2.388 square feet. Standard NACA atmxphere and 
wmplete ram recovery assumed. - . . . . . . - . . -. . . . . .. 
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0 200 400 600 800 1000 
True flight speed, Vo, h o t s  

(c)  Altitude, 15,000 feet. 

Figure 17. - Continued. Predicted performance from pumping characteristfca. 
E%hauet-nozzle  area, 2.388 square feet. Standaxd NACA atmosphere and 
complete ram recovery assumed. 



0 400 600 800 1000 1200 
R u e  flight speed, Vo, knots 

( d )  Altitude, 25,000 feet. 

Figure 17. - Continued.  Predicted performance from pumping characterietica. 
Exhaust-nozzle mea, 2.388 square feet. Stssdard NACA atmosphere and 
complete ram recovery  aseumed. 

. 
.. 
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0 200 400 600 800 1000 1200 
True  flight speed, Vo, knots 

(e) Altitude, 35,000 feet. 

Figue 17. - Continued. Predicted performance from pumping characteristics. 
Exheust-nozzle area, 2.388 square feet. Standard HACA atmosphere and 
mmplete ram recovery assumed. 
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0 400 6[x) 800 1200 
True flight speed, Vo, knots 

(f) Altitude, 40,000 feet. 

Figure 17. - Continued. Predicted performance f r o m  pumping zharacteristics. 
Exhaust-nozzle area, 2.388 square feet. Standard HACA atmosphere and 
complete ram recovery aseumed. 
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( 8 )  Altitude, 45,000 feet. 

Figwe 17. - Continued. Predicted  performance f r o m  pumping characteristics. 
Exhaust-nozzle area, 2.388 square feet. Standard RAGA atmosphere and 
complete ram recovery aesumed. 
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I 
2. 4x103 

Engine apeed, percent 
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0 200 400 6 0 0 .  

True fl ight speed, Vo, knots 

(h) Altitude, 55,000 feet. 

Figure 17-  - Continued. Predicted performance from pumping characteristics. 
Exhaust-nozzle area, 2.388 square feet. Standard NACA atmosphere and 
complete ram recovery assumed. 

. 
.I 
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(i) Altitude, 60,000 feet. 
Figure 17, - Concluded. Predicted performance from pumping characterietics. 
Ekhaust-nozzle area, 2.388 square feet. Standard NACA atmosphere and 
complete ram recovery assumed. 
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(b) Altitude, 45,000 feet.  

Figure 18. - Effech of fuel  flov.on a l t i t u d e - i ~ i t i o n c ~ c t e _ r i s t i c s ,  .me1 temperature, 
approximately 60 FJ engine-idet  air temperature, sa to -SO0 F. 
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(a) utitude, 35,000 feet.  
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